Abstract: During the periodic physical checkups in 1997-2000, the authors have found eleven cases of nasal septum perforation among 2,869 welders in Ulsan, Korea. They have not suffered from diseases and conditions that could cause septum perforation such as tuberculosis, syphilis, and longterm use of topical corticosteroids. And also they did not have trauma history and surgical experiences on their nasal septum. To investigate the cause of septum perforation we reviewed the past history of pre-employment, the results of annual working environment survey and the material safety data sheets of welding rods and steels with which they have dealt. We also analyzed the concentration of several metals of welding fume and the concentration of blood and urinary chromium. In the result, we assumed that the nasal septum perforation of welders was due to chronic exposure to low-level hexavalent chromium.
Nasal septum lesions can be caused by trauma of the nose, complications during a nose operation, topical corticosteroid therapy, cocaine abuse, syphilis, and toxic substances such as calcium arsenate, chromium, nickel, and arsenic compounds 1) . In the industrial settings, Bloomfield and Blum 2) first reported nasal septum perforated workers who exposed chromic acid more than 0.1 mg/m 3 during chrome plating. After then, several investigators reported nasal septum perforation of chrome plating workers [3] [4] [5] . In 1978, Jindrichova 6) reported that 35% of welders exposed to hexavalent chrome had nasal mucosa erosions. Angeler and Lehnert 7) reported that stainless steel welders could be exposed to nickel compound. Matczak and Chmielnicka 8) reported that the chrome concentration in the welding fumes measured at the breathing zone of stainless steel welders was between 0.005 mg/m 3 and 0.995 mg/m 3 . Edme et al. 9) reported that the chrome concentration of the stainless steel welders was 3.6 µg/L in whole blood, 3.3 µg/L in plasma, and 6.2 µg/L in urine. Lindberg and Hedenstierna 10) have reported that nasal septum perforation was occurred in the concentration of 0.02-0.46 mg/m 3 of chromic acid. The review of the literatures shows that welders exposed to hexavalent chrome can have nasal mucosa changes such as mucosal erosion, and lots of chrome is exposed at the time of stainless steel welding. However, the reports on nasal septum perforation of welders were not until recently. We found 11 cases of nasal septum perforation at the annual health examinations of welders of a shipyard in Ulsan, Korea in 1997-2000, who have not suffered from diseases and conditions that could cause septum perforation such as tuberculosis, syphilis, and long-term use of topical corticosteroids. And also they did not have trauma history and surgical experiences on their nasal septum. Considering the size, the shape and the margin, it was assumed that the perforation has been occurred several years before. The diameters of perforation were 2-8 mm. The olfactory function was intact except one case. The position of perforation was near the Kisselbach's area.
For the purpose of investigating the cause of septum perforation we reviewed the past history of pre-employment, the results of annual working environment survey and the material safety data sheets of welding rods and steels with which they have dealt. We also analyzed the chrome concentration of welding fume and the concentration of blood and urinary chromium.
For personal breathing zone air sampling, trained industrial hygienists selected 31 workers of 6 workplaces where cases were working. Airborne particulate sampling was performed on cellulose ester membrane filter (0.8 µm pore size, 37 mm diameter) in Millipore filter holders according to the NIOSH method 7024 11) . The filter holder was placed inside the welding helmet in the breathing zone of the welder. The analysis was executed in the laboratory of Occupational Safety and Health Research Institute of Korea Occupational and Safety and Health Agency that was designated as the reference laboratory of analyzing some ambient heavy metals samples including chrome by the Korean government. This laboratory has participated in a national quality control program 12) applied to all Korean industrial hygiene laboratories. This reference laboratory has participated in the American Industrial Hygiene Association Proficiency analytical testing program and has performed internal quality control program. According to the NIOSH method 7600 11) the water soluble chromium species were analyzed by visible absorption spectrometry (UV-265, Shimadzu, Japan) for hexavalent chromium and by inductively coupled plasma spectrometry (ICP, JY 70C, Jobzn Yuon, France) for total chromium. The insoluble chromium analyzed after dissolution of the residue by ICP. Ambient nickel was sampling on was cellulose ester membrane filter (0.8 µm pore size, 37 mm diameter) in Millipore filter holders and analyzed by ICP according to the NIOSH method 7300 11) . For biological monitoring plasma and urine were diluted using 0.1% Triton X-100 solution, and analyzed by atomic absorption spectrometry (Spectra AA 110/200, Varian, Australia) using standard addition method 13) . A three-step temperature program was used (90°C, 110°C, 1100°C) for the mineralization of the biological matrix. Detection limit of blood chrome concentrations was 0.08721 µg/dl, and that of urine chrome concentrations was 1.0081 µg/dl. Every sample was analyzed in triplicate and the average was calculated.
General characteristics of cases were listed in Table 1 . As shown in the table, age was 37-51, and the duration of welding was 12-25 years. Except one case, there was not any job experience that could induce nasal septum perforation such as chrome plating. In five cases they complained nasal stuffiness and/or epistaxis, in only one case complained of anosmia, but in six cases there were not any special symptoms. In all cases there was not any past history of tuberculosis, syphilis, operation that could induce nasal septum perforation. Blood chrome concentrations of cases were below the detection limit, and urine chrome concentrations of cases were also below the detection limit.
According to the material safety data sheets, the constituents of welding rod mainly consisted of iron, but have small amounts of SiO 2 , aluminum, titanium, manganese, nickel, magnesium, zinc, lead, copper and so on. On the contrary, the proportions of constituents of welding rod used in the stainless steel welding comprised of 18-23% chromium, 8-13% nickel, 3-5% titanium, 1-3% manganese, and 55-75% iron. The constituents of base steel also mainly consisted of iron, but have small amounts of SiO 2 , aluminum, manganese, nickel, copper, sulfur, phosphorus and so on. The proportions of constituents of base steel used in the stainless steel welding comprised of 17.6-18.1% chromium, 8.25-10.63% nickel, 3-5% titanium, 0.78-0.79% manganese, and 65-70% iron. Table 2 shows the mean concentrations of metals in the ambient air of workplace revealed on the annual working environment survey, and we could acquire the reports of working environment survey 14) after 1991 from the company where cases were working. According to these data, although the concentration was different depending on the measuring year, iron, manganese, zinc, lead, and copper have been detected, but chrome and nickel were either not detected or detected very little. The total chrome concentration in the ambient air of workplace 0.002-0.025 mg/m 3 , and the maximum concentration was 0.010-0.509 mg/m 3 . We could not obtain the concentration of hexavalent chromium and the total chrome concentration in the ambient air of stainless steel welding workplace. On the whole, even the total chrome concentration in the workplace was lower than that of hexavalent chrome that could perforate the nasal septum. Table 3 shows the results of concentration of hexavalent chromium and nickel in the ambient air of 1 stainless steel welding shop (F shop) and 5 working sites (A-E shop) in where cases are currently working. The concentration of hexavalent chrome in the welding fume was 0.0012 mg/ m 3 -0.22 mg/m 3 . Although the concentration were different from site to site, the maximum concentration of 0.34 mg/ ). According to the documents of the company, protective equipment began to be provided after 1984, but its regular use was done after 1990 by the statements of workers who had perforated nasal septum.
The authors presume that the cause of the nasal septum perforation was the long-term exposure to the low-levels of hexavalent chromium during welding on the basis of the following evidences. Firstly, fumes that contain hexavalent chromium that can induce nasal septum perforation are produced during welding, and as in the case of stainless steel welding welders can be exposed in considerable amount. Secondly, judging from the result of working environment measurement after 1991, the recent exposure to noxious substances is little, but before 1990 it is estimated that the working environment was much worse than now and the exposure amount of welding fumes containing chrome was not little. Thirdly, as nasal septum perforation is not known to be the naturally occurring disease with aging process, the nasal septum perforation of the welders are presumed to be due to toxic substances during welding. Fourthly, there were no other causes of nasal septum perforation, such as the operation within the nasal cavity, tuberculosis or syphilis. Fifthly, in a considerable number of welders (51 out of 2,858 workers), the change such as nasal septum erosion, which can be seen as the prior step of nasal septum perforation, was confirmed. Finally, according to Cohen et al. 15) , the fingers contaminated with the hexavalent chrome during welding can irritate the nasal septum directly despite the low concentration of hexavalent chrome in the air, even through the nasal septum perforation can not be induced by hexavalent chrome itself in the air.
In conclusion, we assumed that the nasal septum perforation of welders was due to chronic exposure to lowlevel hexavalent chromium, careful inspection of nasal cavity in welders is necessary in the physical examination of welders.
